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ABSTRACT 


Tests  were  conducted  in  the  50-in.  Mach  10  wind  tunnel  of  the 
von  Karman  Gas  Dynamics  Facility  to  determine  the  dynamic  stability 
characteristics  of  a  10-deg  half-angle  cone  at  large  amplitudes  of 
oscillation.  Support  interference  effects  were  also  investigated.  A 
free  oscillation,  high-amplitude  (±35  deg)  gas  bearing  balance  supported 
by  a  transverse  rod  and  yoke  system  was  used.  Data  were  obtained  at 
a  nominal  Mach  number  of  10  at  Reynolds  numbers,  based  on  the  model 
base  diameter,  ranging  from  0.46  x  106  to  1.  84  x  106.  The  dynamic 
and  static  stability  data  are  compared  with  data  obtained  with  a  sting- 
supported  model,  range  data,  flow  field  theory,  and  conical  flow  theory. 
Selected  test  results  are  presented. 
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SECTION  I 
INTRODUCTION 


Dynamic  stability  tests  were  conducted  on  a  10-deg  half-angle  cone 
at  Mach  number  10  over  a  Reynolds  number  range  from  0.  46  x  10$  to 
1.  84  x  10^  based  on  the  model  base  diameter.  The  purpose  of  these 
tests  was  to  determine  the  effects  of  large  model  oscillation  amplitudes 
{±25  deg)  on  the  dynamic  and  static  stability  derivatives,  and  to  investi¬ 
gate  the  effects  of  support  interference  on  the  derivatives. 

The  tests,  as  outlined  in  Table  I,  were  conducted  using  a  large 
amplitude  (±35  deg),  free  oscillation  gas  bearing  balance  supported  by 
a  transverse  rod.  A  10-in.  -base-diam  model  was  used  in  conjunction 
with  dummy  stings  to  experimentally  evaluate  effects  of  the  sting  sup¬ 
port  geometry. 


SECTION  II 
APPARATUS 


2.1  WIND  TUNNEL 

The  50-in.  Mach  10  tunnel  (Gas  Dynamic  Wind  Tunnel,  Hypersonic 
(C))  is  a  continuous,  closed-circuit,  variable  density  wind  tunnel.  It  has 
a  contoured,  axisymmetric  Mach  10  nozzle  and  operates  at  stagnation 
pressures  ranging  from  200  to  1800  psia  and  at  stagnation  temperatures  up 
to  about  1450°F.  The  model  support  is  capable  of  being  retracted  into  the 
test  section  tank  which  can  be  sealed  from  the  airflow  for  model  changes.  A 
description  of  the  tunnel  and  airflow  calibration  information  may  be  found  in 
Ref.  1. 

2.2  TRANSVERSE  ROD  BALANCE 

The  free  oscillation  balance  is  a  large  amplitude  (±35  deg)  system 
incorporating  a  3 -in.  -diam  cylindrical  gas  bearing  as  the  balance  pivot 
which  is  supported  by  a  transverse  rod  installed  in  a  yoke  assembly 
(Fig.  1).  The  bearing  is  capable  of  supporting  a  radial  load  of  300  lb, 
and  a  complete  calibration  of  the  load  carrying  capability  and  damping 
characteristics  of  the  bearing  can  be  found  in  Ref.  2. 

Photographs  of  the  transverse  rod  balance  are  shown  in  Fig.  2. 

The  variable  reluctance  angular  transducer  (Fig.  2,  items  3  through  5) 
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provides  a  continuous  time  history  of  model  displacement,  yet  requires 
no  physical  connection  between  the  moving  and  stationary  parts  of  the 
balance. 

The  bearing  locking  system  {Fig.  2,  items  6  through  9)  consists  of 
a  gear  rack  machined  on  the  outer  surface  of  the  bearing  and  an  air- 
actuated  piston  with  a  mating  set  of  gear  teeth  machined  on  its  contact 
surface.  The  model  may  be  locked  in  angular  increments  of  approxi¬ 
mately  5  deg. 


2.3  MODEL 

The  model,  supplied  by  the  General  Electric  Company  and  shown 
in  Figs.  1  and  3,  was  an  axisymmetric  conical  body  of  revolution  having 
a  10-deg  semi-vertex  angle.  The  model  was  constructed  of  stainless 
steel,  and  provisions  were  made  to  add  ballast  fore  and  aft  to  locate  the 
model  center  of  gravity  exactly  at  the  balance  pivot  axis. 

The  dummy  stings  were  connected  to  the  center  of  the  aft  shield 
assembly  at  the  rear  of  the  yoke  (Fig.  1,  item  3).  These  stings,  which 
were  interchangeable,  extended  up  into  the  base  of  the  model  (Fig.  4). 

A  sketch  of  the  model  and  the  dummy  stings  is  shown  in  Fig.  5. 


SECTION  III 
PROCEDURE 


The  equations  of  motion  for  a  free  oscillation,  one-degree-of- 
freedom  system  may  be  expressed  as 

19  -  Mg  0  -  Mg  0  =  0 

The  method  for  computing  the  dimensionless  damping -in -pitch  deriva¬ 
tives  from  the  free  oscillation  tests  (neglecting  tare  dantiping)  is  indi¬ 
cated  by  the  following  expressions: 

0  =  do  [  exp  (M^/2I)  t  ]  sin  t 

M  ■  =  21  f  in  R/Cy 

u  '  R 
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Because  of  the  absence  of  an  external  restoring  moment,  the  effec¬ 
tive  slope  of  the  pitching-moment  curve  may  be  determined  as  follows: 

=Vq«Ad 

E 

M„  =  - 1  v 

=  ~4{nf)2  I/q^Ad 

The  test  procedure  was  to  displace  the  model,  while  it  was  in  the 
test  section  tank,  by  directing  air  against  the  model  nose  (Fig.  1,  item  8) 
and  engaging  the  lock  at  the  desired  release  angle.  The  system  was  then 
injected  into  the  airstream  and  the  model  released.  The  resulting  oscil¬ 
latory  motion,  measured  by  the  angular  transducer,  was  recorded  by  a 
direct -writing  oscillograph  and  a  high-speed  digital  converter,  which 
relayed  the  data  by  means  of  magnetic  tape  to  an  IBM  7074  computer  for 
data  reduction. 


SECTION  IV 

PRECISION  OF  MEASUREMENTS 


The  angular  transducer  was  calibrated  before  and  after  the  tunnel 
test  periods,  and  check  calibrations  were  made  periodically  during  the 
tests. 

Both  the  damping -in -pitch  derivatives  and  the  static  stability  deriva¬ 
tives  are  affected  by  the  uncertainties  in  determining  the  model  moment 
of  inertia  (I)  and  the  angular  frequency  of  oscillation  (u).  In  addition,  the 
damping  derivatives  are  affected  by  uncertainties  in  the  amplitude  ratio 
(R).  As  a  result  of  these  sources  of  possible  error,  the  estimated  maxi¬ 
mum  uncertainty  in  Cnig^  is  ±2.5  percent,  and  in  Cm^  +  Cm<^  is 
±6  percent. 


SECTION  V 

RESULTS  AND  DISCUSSION 


At  the  present,  methods  for  obtaining  high  amplitude  (±25  deg) 
dynamic  stability  data  in  wind  tunnels  are  limited  to  the  free  flight  tech¬ 
nique  and  the  free  oscillation,  transverse  rod  technique.  Transverse 
rod  or  sting  interference  effects  are  not  present  in  free  flight  testing 
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but  large  Reynolds  numbers  are  unattainable  because  of  small  model 
size.  By  using  a  transverse  rod  to  support  the  model,  data  can  be 
obtained  at  higher  Reynolds  numbers,  but  the  interference  effects  of 
the  rod  on  the  aerodynamic  derivatives  are  not  known. 


Figure  6  shows  the  variation  of  the  dynamic  stability  derivatives 
(Cmq  +  » )  with  amplitude  of  oscillation  for  a  range  of  Reynolds 

numbers.  ^The  present  data  are  compared  with  free  oscillation  data 
obtained  with  a  sting-supported  model  (Ref.  3).  Although  the  majority 
of  the  Reynolds  numbers  are  not  exactly  matched  in  the  data  comparison, 
it  is  evident  that  as  the  Reynolds  number  is  increased  there  is  better 
agreement  between  data  obtained  with  the  transverse  rod  and  the  sting- 
supported  models. 

As  shown  in  Ref.  4,  boundary -layer  transition  occurs  at  the  model 
base  on  a  10-deg  cone  at  Mach  number  10  (Tunnel  C)  at  a  Reynolds  num¬ 
ber  of  about  1.  4  x  106  based  on  model  base  diameter.  Data  obtained 
during  these  tests  (Ref.  4)  also  show  that  at  a  Reynolds  number  of 
1.  83  x  10s  the  beginning  of  boundary-layer  transitionioccurs  at  about 
70  percent  of  the  model  surface  length  for  a  sting -supported  model. 

The  comparison  between  the  data  obtained  with  the  rod-supported  model 
and  the  sting-supported  model  is  best  at  the  higher  Reynolds  numbers 
where  at  6  -  0  the  boundary  layer  of  the  sting-supported  model  is  pri¬ 
marily  turbulent  behind  the  point  of  rod  contact.  The  flow  field  theory 
(Ref.  5)  shows  fair  agreement  with  the  dynamic  stability  data  obtained 
with  a  sting- supported  model  at  all  Reynolds  numbers  (Fig.  6). 

The  variations  of  the  static  stability  derivative  (Cm0  )  with  ampli- 

tude  of  oscillation  are  shown  in  Fig.  7  and  are  compared  with  data 
obtained  with  a  sting -supported  model  (Ref.  3).  Data  obtained  with  a 
transverse  rod  model  support  are  at  a  higher  level  than  the  sting- 
supported  |model  data  at  all  Reynolds  numbers,  and,  as  was  the  case 
with  the  dynamic  derivatives,  the  agreement  is  better  at  the  maximum 
Reynolds  number.  The  conical  flow  theory  shows  favorable  agreement 
with  the  data  from  the  sting-supported  model  and  implies  that  the  rod 
support  interference  does  affect  the  cone  static  stability  at  all  Reynolds 
numbers  investigated.  For  all  Reynolds  numbers,  increasing  ampli¬ 
tude  of  oscillation  showed  no  large  variations  in  the  effective  slope  of 
the  pitching -moment  curve. 

Figure  8  shows  the  variation  of  the  dynamic  and  static  stability 
derivatives  with  Reynolds  number  and  also  shows  a  comparison  with 
data  from  a  sting-supported  model  (Ref.  3)  and  with  free  flight  range 
data  (Ref.  6).  The  data  obtained  from  the  range  confirm  that  the 
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damping-in-pitch  derivatives  at  the  lower  Reynolds  numbers  are  affected 
by  rod  interference.  The  free  flight  static  stability  data  obtained  in  the 
range  confirm  the  level  of  the  static  stability  data  obtained  with  a  sting  - 
supported  model  and  show  that  the  static  stability  data  obtained  with  the 
transverse  rod  support  system  are  affected  by  rod  interference  at  all 
Reynolds  numbers. 

Figure  9  shows  the  effect  of  sting  support  geometry  on  the  dynamic 
and  static  stability  derivatives  with  varying  amplitude  of  oscillation  and 
with  increasing  sting  diameter  ratio.  An  effect  of  sting  support  diameter 
is  indicated  in  Fig,  9a  where  damping  data  obtained  with  the  dummy  sting 
configuration  (Configuration  1-C,  ds/d  =  0.  18)  agree  well  with  Configura¬ 
tion  1  (ds/d  =  0)  for  the  smaller  angles  of  oscillation  ^  ±4.  5  deg),  but 
have  a  higher  level  of  damping  for  angles  of  oscillation  greater  than 
±4.5  deg.  Decreasing  the  effective  sting  length  (Configuration  1-D)  pro¬ 
duced  a  higher  level  of  model  damping  at  amplitudes  of  oscillation  less 
than  about  ±6  deg  as  compared  to  Configuration  1-C  (Fig.  9a).  The 
slopes  of  the  pitching -moment  curves  were  essentially  unaffected  by  the 
dummy  sting  geometry  variations.  It  should  be  noted  that  the  true  effect 
of  sting  support  geometry  on  the  dynamic  and  static  derivatives  could 
have  been  masked  by  the  interference  produced  by  the  transverse  rod. 


SECTION  VI 
CONCLUDING  REMARKS 


Dynamic  stability  tests  were  conducted  to  determine  the  effects  of 
large  amplitudes  of  oscillation  and  support  interference  on  the  dynamic 
and  static  stability  characteristics  of  a  10 -deg  cone. 

Data  were  obtained  at  Mach  number  10  at  Reynolds  numbers  ranging 
from  0.46  x  10^  to  1.  84  x  106.  Conclusions  based  on  the  results  pre¬ 
sented  in  this  report  are  given  below: 

1,  Transverse  rod  interference  decreased  the  level ‘of  the 
damping-in-pitch  derivatives  at  the  lower  angles  of 
oscillation  for  all  Reynolds  numbers  except  1.  83  x  106 
where  good  agreement  was  obtained  between  results 
from  the  rod-supported  and  sting-supported  models. 

However,  the  validity  of  the  transverse  rod  data  at  • 
amplitudes  of  oscillation  greater  than  those  obtainable 
with  a  sting -supported  model  is  still  unknown. 

2.  Rod  interference  increased  the  level  of  the  static 
stability  derivatives. 
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3.  Sting  support  geometry  effects  were  inconclusive  since 
rod  interference  was  present. 

In  light  of  the  above  conclusions,  it  is  evident  that  tests  using  the 
large  amplitude,  transverse  rod  technique  should  be  supplemented  by 
both  the  sting -supported  model  tests  and  wind  tunnel  or  range  free 
flight  tests. 


REFERENCES 


1.  Test  Facilities  Handbook  (5th  Edition),  "von  Karman  Gas 

Dynamics  Facility,  Vol.  4.  "  Arnold  Engineering  Develop¬ 
ment  Center,  July  1963. 

2.  Hodapp,  A.  E. ,  Jr.  ''Evaluation  of  a  Gas  Bearing  Pivot  for  a 

High  Amplitude  Dynamic  Stability  Balance.  " 

AEDC-TDR-62-221  (AD290948),  December  1962. 

3.  Hodapp,  A.  E. ,  Jr.  ,  Uselton,  B.  L.  ,  and  Burt,  G.  E.  "Dynamic 

Stability  Characteristics  of  a  10 -Deg  Cone  at  Mach  Number  10.  lf 
AEDC-TDR-64-98  (AD440188),  May  1964. 

4.  Ward,  L.  K.  "Influence  of  Boundary  Layer  Transition  on  Dynamic 

Stability  at  Hypersonic  Speeds.  "  Transactions  of  the  Second 
Technical  Workshop  on  Dynamic  Stability  Testing,  Vol.  U, 

April  20-22,  1965. 

5.  Brong,  E.  A.  and  Rie,  H.  "The  Flow  Field  About  Pointed  and 

Blunt  Bodies  of  Revolution  in  Unsteady  Supersonic  Flight.  11 
Transactions  of  the  Second  Technical  Workshop  on  Dynamic 
Stability  Testing,  Vol.  I,  April  20-22,  1965. 

6.  Welsh,  C.  J.  "Dynamic  Stability  Testing  in  the  1000 -ft  Hyper  - 

velocity  Range  at  the  Arnold  Engineering  Development  Center.  " 
Transactions  of  the  Second  Technical  Workshop  on  Dynamic 
Stability  Testing,  Vol.  II,  April  20-22,  1965. 


6 


tU  WNH 


Description 


Gas  Bearing 

Fore  Shield  Assembly 

Model 

Model  Displacement  Air  Line 


Yoke  Assembly 

Aft  Shield  Assembly 

Point  of  Contact  for  Dummy  Sting 

Transverse  Rod 


Fig.  1  Photographs  of  the  Transverse  Rod  and  Yoke  System  Installed  in  Test  Section  Tank 
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Fig.  2  Photograph*  of  the  Free  Oscillation  (+35  deg)  Transverse  Rod  Balance 
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Fig.  3  Photograph  of  the  Model 
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Fig.  4  Sketch  of  Model,  Transverse  Rad,  and  Yoke  System 
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Configurations  such  as  1-A 
Indicate  Model  (1)  and 
Sting  (A,  B,  C,  or  D) 
Combination 


b.  Dummy  Sting  Geometry 
Fig.  5  Model  and  Dummy  Strng  Geometry 
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